Introduction: Ultrasonic tissue characterization of the carotid wall using gray-scale median (GSM) reflects its composition and low-GSM plaque is considered to be unstable. The present study evaluated the effect of alogliptin, a dipeptidyl peptidase-4 inhibitor, on the longitudinal change in GSM, an index of the tissue characteristics of the carotid wall, in patients with type 2 diabetes (T2DM).
INTRODUCTION
Cardiovascular disease (CVD) is the main cause of death and impairment of quality of life in patients with diabetes mellitus (DM). Therefore, prevention and management of cardiovascular risk are critical in these patients.
It is well known that disruption of vulnerable atherosclerotic plaque plays a crucial role in the pathogenesis of CVD events and that plaque disruption is dependent on the tissue characteristics of the plaque lesion: the lipid content, the presence of neovascular vessels, inflammatory cells in the atheroma, and the thickness of the fibrous cap [1] [2] [3] [4] . Since diabetes is related to increased vulnerability to plaque disruption and higher incidence of clinical CVD [5] , early identification of vulnerable plaque and subsequent prompt intervention are important to reducing the incidence of CVD events in the management of diabetes.
A recent study indicates that noninvasive ultrasonic tissue characterization of carotid plaque using gray-scale median (GSM) reflects plaque composition and that low-GSM plaque, which consists mainly of neovascular vessels, has a high lipid content, and is characterized by inflammatory infiltration, is considered to be particularly unstable [6] . Furthermore, the GSM value in the carotid wall can serve as a predictor of future CVD events in subjects with and without diabetes, even after adjustment for traditional risk factors [7] [8] [9] .
Dipeptidyl peptidase-4 (DPP-4) inhibitors, which inhibit the degradation of active incretins including glucagon-like polypeptide-1 (GLP-1) by DPP-4, increase the concentration of active incretins and thereby enhance their glucoregulatory effects. In addition to the antidiabetic properties mentioned above, these incretin mimetics potentially have antiatherosclerotic properties [10] . First, GLP-1 agonists can significantly decrease body weight and DPP-4 inhibitors are considered weight neutral, both of which are advantageous properties given that weight gain is often seen with other antidiabetic agents [11, 12] . Second, GLP-1 acts directly on endothelial cells, vascular smooth muscle cells, monocytes, macrophages, and lymphocytes, and GLP-1 and GLP-1 receptor agonists have been shown to inhibit foam cell formation and atherosclerosis by suppressing inflammation and oxidative stress [13] [14] [15] [16] [17] [18] [19] [20] . In addition, several in vitro and in vivo experiments have shown that DPP-4 inhibitors can also inhibit foam cell formation and atherosclerosis in both a GLP-1-dependent and GLP-1-independent manner [21] [22] [23] [24] [25] [26] . Vittone et al. demonstrated that treatment of apolipoprotein E-deficient mice with a DPP-4 inhibitor reduced plaque inflammation and increased plaque stability, potentially by GLP-1-mediated inhibition of chemokine-induced monocyte migration and macrophage MMP-9 release [26] . Such anti-inflammatory and antiatherosclerotic effects of DPP-4 inhibitors have also been confirmed by studies conducted in clinical settings [25, 27, 28] . Interestingly, Balestrieri et al. evaluated the effect of incretinbased therapies in carotid plaques of asymptomatic patients undergoing carotid endarterectomy. They found that in comparison with non-diabetic plaques, plaques in patients with DM had increased inflammation and oxidative stress along with reduced collagen content. Compared with non-incretintreated plaques, incretin therapy-treated plaques presented with higher collagen content, and less inflammation and oxidative stress, indicating a more stable plaque phenotype [25] .
We recently reported that treatment with alogliptin, a DPP-4 inhibitor, attenuated the progression of carotid intima-media thickness (IMT) compared with conventional treatment in patients with type 2 diabetes mellitus (T2DM) [29] . The aim of the Study of Preventive Effects of Alogliptin on Diabetic Atherosclerosis (SPEAD-A), a prospective, randomized, openlabel, multicenter, blinded end point study, was to evaluate the efficacy of alogliptin in preventing the progression of atherosclerosis in T2DM patients with no past history of apparent CVD. The primary outcome was the change in IMT during the 2-year intervention period. This trial demonstrated that alogliptin potently inhibited increase in carotid IMT compared with conventional treatment and that there was substantial regression of IMT at the end of the alogliptin treatment period [29] . Although the exact mechanism is not well understood at present, it has been hypothesized that the regression of carotid IMT induced by alogliptin treatment could be related to stabilization of atheromatous lipid-rich lesions via suppression of inflammation and foam cell formation. However, little is known about the effect of alogliptin on the tissue characteristics of atherosclerotic lesions in the carotid wall.
To address this point, we evaluated the effect of alogliptin on the longitudinal change in the GSM value, an index of the ultrasonic tissue characteristics of the carotid wall, in patients with T2DM, using data obtained from the SPEAD-A trial.
METHODS

Subjects
We performed a post hoc analysis based on data obtained from the SPEAD-A trial [29] . Although the study design, inclusion and exclusion criteria, study schedule, and measurements of the SPEAD-A trial have been described in detail previously [29] , the outline is as follows. Participants eligible for the study were those who had T2DM, were aged 30 years or older at the time of enrollment, had been treated with agents other than DPP-4 inhibitors administered for 3 months or longer, and whose HbA1c was below 9.4%. Exclusion criteria were (1) type 1 diabetes mellitus or secondary diabetes, (2) severe infections before or after surgery or severe trauma, (3) myocardial infarction, angina pectoris, cerebral stroke, or cerebral infarction, (4) moderate or severe renal dysfunction (serum creatinine: men, C 1.4 mg/dL; women, C 1.2 mg/dL), (5) severe liver dysfunction (aspartate aminotransferase C 100 IU/L), (6) moderate or severe heart failure (New York Heart Association stage III or higher), (7) under treatment with an incretin preparation, such as other DPP-4 inhibitors, at the start of the study, (8) receiving insulin treatment, (9) receiving therapeutic drugs not concomitantly administrable with incretin preparations with regard to the National Health Insurance program, such as DPP-4 inhibitors, at the start of the study, (10) pregnant, lactating, or possibly pregnant women or those planning to become pregnant, (11) medical history of hypersensitivity to investigational drugs, or (12) judged as ineligible by clinical investigators.
Japanese T2DM patients with no past history of apparent CVD who periodically attended the Outpatient Diabetes Clinics at 11 centers across Japan were asked to participate in this study and all patients who agreed to participate were enrolled in the study. Originally, a total of 341 patients were enrolled and randomly allocated into either the alogliptin group (n = 172) or the conventional treatment group (using drugs other than the DPP-4 inhibitor) (n = 169). After excluding 19 patients from analyses (they withdrew from the study and/or objected to the inclusion of their data in any analysis), 161 subjects in the alogliptin treatment group and 161 in the conventional treatment group were included in the full analysis set.
The protocol was approved by the institutional review board of each participating institution in compliance with the Declaration of Helsinki and current legal regulations in Japan. Written informed consent was obtained from all the participants after full explanation of the study. This study has been registered on the University Hospital Medical Information Network Clinical Trials Registry, which is a nonprofit organization in Japan and meets the requirements of the International Committee of Medical Journal Editors (UMIN000007396, UMIN000019951).
Ultrasound Examination
B-mode ultrasonography of the carotid artery was performed using an ultrasound machine with a high-frequency ([7.5 MHz) linear transducer. In accordance with the guidelines of the Japan Society of Ultrasonics [30] , scanning of the extracranial common carotid artery (CCA), the carotid bulb, and the internal carotid artery in the neck was performed bilaterally in three different longitudinal projections as well as transverse projections. The IMT was measured as the distance between two parallel echogenic lines corresponding to the blood-intima and media-adventitia interface on the posterior wall of the artery. The measurements of mean IMT of the CCA (mean IMT-CCA) were performed using automated digital edge-detection software (IntimaScope; MEDIA CROSS, Tokyo, Japan) [31] . The software system averaged 200 points of IMT values in the segment 2 cm proximal to the dilation of the carotid bulb. The measurements of maximum IMT of the CCA (max IMT-CCA) were performed at the site of the thickest point in the CCA. The method for determining IMT has been described in detail in previous reports [29] .
The echogenicity of the arterial wall was evaluated on the basis of the GSM method in a gray-scale range of 0-255 (0 as the darkest and 255 as the brightest tone). Adobe Photoshop software (Adobe Systems, version 7.0, San Jose, CA, USA) was used for image standardization and calculation of gray-scale values. In accordance with the previous report, the standardization of the B-mode image was performed using a curve option, so that the GSM for the blood ranged from 0 to 5, and for the adventitia from 185 to 195 [32] . Then, the mean IMT-CCA area (the segment 2 cm proximal to the dilation of the carotid bulb) was delineated with a freehand tool, and the GSM of the selected area was read from the entire delineated area. Similarly, if there was an atherosclerotic plaque lesion (i.e., focal elevated lesion with max IMT-CCA [1.0 mm), the GSM of the plaque lesion was also measured using the same method. In the event multiple plaque lesions were found in one individual, the plaque with the greatest thickness was subject to GSM measurement and the GSM value was used as the subject's representative value. To avoid inter-reader variability, all scans were electronically stored and read in random order by a single reader (Y.I.) who was unaware of the clinical characteristics and the treatment group of the subjects.
Outcome Measures
The primary outcome of this study was the change of GSM value in the mean IMT-CCA area (in particular, the arithmetic average of the right and the left GSM values in one individual) during the 104-week observation period. In cases where atherosclerotic plaque lesions were found, the changes of the GSM value in the plaques were also evaluated. The definitions of the GSM measures used in this study are as follows:
• Right GSM-CCA: the GSM value of the intima-media complex measured in the mean IMT-CCA area (the segment 2 cm proximal to the dilation of the carotid bulb) of the right common carotid artery.
• Left GSM-CCA: the GSM value of the intimamedia complex measured in the mean IMT-CCA area (the segment 2 cm proximal to the dilation of the carotid bulb) of the left common carotid artery.
• Mean GSM-CCA: the arithmetic average of the right and left GSM-CCA values. (If either the right or left GSM-CCA value was not obtained, the value of the other side was used as the mean GSM-CCA value.) • Right GSM-plaque: the GSM value of the plaque lesion (max IMT-CCA [1.0 mm) with the greatest thickness measured in the right common carotid artery.
• Left GSM-plaque: the GSM value of the plaque lesion (max IMT-CCA [1.0 mm) with the greatest thickness measured in the left common carotid artery.
Statistical Analyses
All values are reported as mean ± SD, median (range), or actual number of subjects with the percentage in parentheses. The primary end point was the change in GSM of the carotid wall from baseline to 104 weeks. The primary analysis was performed using the mixed-effects model for repeated measures (MMRM) including treatment group, time (week), baseline GSM, and interaction between treatment group and time with an unstructured covariance structure to model within-subject variability. Baseline and followup group comparisons were assessed with the Student t test or Wilcoxon rank sum test for continuous variables and Fisher's exact test for categorical variables.
To evaluate the associations between change in the mean GSM-CCA and other clinical parameters such as age, gender, body mass index (BMI), HbA1c, serum lipid levels (e.g., TC, HDL-C, TG), blood pressure, smoking status, and administration of antidiabetic, antihypertensive, antihyperlipidemic, and antiplatelet drugs, and mean IMT-CCA, regression analyses including treatment group as a covariate were performed.
All statistical tests were two-sided with a 5% significance level. Analyses were performed using SAS 9.4 software (SAS Institute Inc., Cary, NC).
Compliance with Ethics Guidelines
This article is based on previously conducted studies and does not involve any new studies of human or animal subjects performed by any of the authors.
RESULTS
Baseline Characteristics of Study Subjects
The baseline demographic and clinical characteristics of the 322 study participants have been previously reported (161 subjects in the alogliptin group and 161 in the conventional treatment group) [29] . At baseline, there were no significant differences between the alogliptin group and the conventional treatment group in terms of the clinical parameters: age was 64.4 ± 9.8 and 64.8 ± 9.1 (p = 0.72), the percentage of males was 63% and 61% (p = 0.82), HbA1c was 7.3 ± 0.8% and 7.2 ± 0.8% (p = 0.54), BMI was 24.6 ± 4.3 and 24.9 ± 3.7 (p = 0.49), the prevalence of hypertension was 56% and 57% (p = 1.00), the prevalence of dyslipidemia was 53% and 58% (p = 0.43), and the percentage of statin use was 38% and 46% (p = 0.18), respectively.
Alogliptin treatment had a more potent glucose-lowering effect than the conventional treatment (-0.3 ± 0.7% vs. -0.1 ± 0.8%, p = 0.004) without an increase in hypoglycemia [29] . However, the increase in BMI at 104 weeks was greater in the alogliptin group than in the conventional treatment group (0.3 ± 1.9 vs. -0.3 ± 1.7 kg/m 2 , p = 0.003). The increase in serum VCAM-1 levels at 104 weeks was greater in the alogliptin group than in the conventional treatment group (20 vs. -8 ng/mL, p = 0.030). Regarding other markers of inflammation and endothelial injury such as hs-CRP, interleukin-6, and ICAM-1, however, there were no significant differences between the treatment groups in differences in parameters from baseline to 104 weeks (data not shown).
Effect of Alogliptin on the Carotid Wall
According to the results of the SPEAD-A trial, reductions in the mean common and the right and left maximum IMT of the carotid arteries at 104 weeks were significantly greater after alogliptin treatment than after conventional At baseline, mean GSM-CCA and left GSM-CCA values were measurable in all the study subjects but right GSM-CCA values were not measurable in two subjects in the alogliptin treatment group. Atherosclerotic plaque lesions were observed in the right CCA in 61 subjects (25 subjects in the alogliptin group and 36 in the conventional treatment group) and in the left CCA in 76 subjects (38 subjects in the alogliptin group and 38 in the conventional treatment group). The GSM values of these plaques were measured. There were no significant differences in all the GSM measures (i.e., mean GSM-CCA, right GSM-CCA, left GSM-CCA, right GSM-plaque, and left GSM-plaque) between the two treatment groups at baseline (Table 1) .
Both alogliptin treatment and conventional treatment significantly increased the mean GSM-CCA (from 60.7 ± 12.3 to 65.9 ± 10.1, p\0.001 in the alogliptin treatment group and 58.8 ± 14.4 to 65.2 ± 12.2, p\0.001 in the conventional treatment group), right GSM-CCA (from 61.2 ± 13.4 to 65.6 ± 10.9, p\0.001 in the alogliptin treatment group and from 58.7 ± 15.3 to 64.7 ± 13.8, p\0.001 in the conventional treatment group), and left GSM-CCA (from 60.5 ± 14.1 to 66.2 ± 12.9, p\0.001 Data are mean ± SD unless otherwise stated. Comparisons of GSMs during treatment with those at baseline were performed with one-sample t test based on a mixed-effects model for repeated measures. Differences in Dchange in GSM from baseline at 52 and 104 weeks between groups were analyzed with a mixed-effects model for repeated measures. Treatment group, week, interactions between treatment group and week, and baseline GSM were included as fixed effects *p\0.05; ** p\0.01
in the alogliptin treatment group and from 58.9 ± 15.5 to 65.7 ± 13.9, p\0.001 in the conventional treatment group) during the 104-week observation period. There was also a significant increase in left GSM-plaque in the conventional treatment group (from 59.7 ± 15.1 to 67.0 ± 13.4, p = 0.01).
The magnitude of the change in GSM values during the treatment period between the two treatment groups was compared using the MMRM (Table 1 ). These analyses demonstrated that both alogliptin treatment and conventional treatment significantly increased all the GSM measures except for right GSM-plaque (in the conventional treatment group). However, there was no significant difference in the change in GSM measures from baseline at 52 and 104 weeks between the two groups. Furthermore, similar findings were shown even after adjustment for possible confounding factors such as age, gender, BMI, HbA1c, serum lipid levels (e.g., TC, HDL-C, TG), blood pressure, smoking status, and administration of antidiabetic, antihypertensive, antihyperlipidemic, and antiplatelet drugs (data not shown). Finally, we divided the subjects into the tertiles according to the level of GSM at baseline, and investigated the effect of alogliptin on low-GSM (echolucent) and high-GSM (echorich) plaque separately ( Table 2 ). The change in right-GSMplaque in the first tertile (lowest GSM group) was significantly greater in the alogliptin group than in the conventional treatment group [26.4 (SE 4.6) vs. 10.9 (SE 2.9), p = 0.01]. However, there was no significant difference in the changes in right GSM-plaque in the second and third tertiles, and left GSM-plaque in any tertiles, between the two treatment groups.
Regression analyses revealed that gender and age at baseline (regression coefficient ± SE; 3.93 ± 1.55, p = 0.012 and 0.17 ± 0.08, p = 0.04, respectively) were positively related to changes in mean GSM-CCA and diastolic blood pressure at baseline (-0.17 ± 0.07, p = 0.01) was negatively related to changes in mean GSM-CCA. However, there was no statistically significant association between the other clinical parameters including baseline mean IMT-CCA and mean GSM-CCA.
We also evaluated the relationship between the changes in GSM during 104 weeks and those in IMT/plaque thickness in the same site. The changes in mean GSM-CCA, right GSM-CCA, and left GSM-plaque were significantly associated with those in IMT/plaque thickness in the same site (r = -0.14, p = 0.02; r = -0.13, p = 0.02; r = -0.28, p = 0.02, respectively), while the changes in left GSM-CCA and left GSM-plaque were not.
DISCUSSION
We previously demonstrated that alogliptin, a DPP-4 inhibitor, more potently inhibited the progression of carotid IMT than conventional treatment in patients with T2DM [29] . However, few studies have evaluated the effect of DPP-4 inhibitors on the tissue characteristics of the arterial wall.
The present study, a post hoc subanalysis using data obtained from a randomized controlled trial that evaluated the efficacy of alogliptin treatment on the progression of carotid IMT in patients with T2DM, showed that alogliptin treatment significantly increased the GSM value, an index of ultrasonic tissue characteristics, of the carotid arterial wall over a 104-week observation period. However, interestingly, conventional treatment also increased GSM of the carotid arterial wall during this 104-week period and there were no significant differences in the changes of GSM measures between the two treatment groups.
Although the precise mechanism of the formation of vulnerable plaque with a lipid-rich core is unclear, it has been hypothesized that hypercholesterolemia, oxidative stress, inflammation, and insulin resistance are associated with its formation [33] . Clinical studies have also shown that the composition of carotid plaque is related to serum lipid profiles, BMI, and inflammation markers. Our previous study revealed that the presence of echolucent low-GSM plaques in carotid arteries was related to serum lipid profiles and BMI [34] . Interestingly, in the present study, total cholesterol levels at the 52-, 78-, and 104-week observation points were significantly decreased from the baseline in the conventional treatment group [29] . Similarly, total cholesterol levels at 52 and 78 weeks were significantly decreased from the baseline in the alogliptin treatment group [29] . Therefore, in both treatment groups, reduction in serum total cholesterol levels during the treatment period may have led to an increase in GSM of the carotid arterial wall.
This post hoc subanalysis of the SPEAD-A trial showed that the tissue characteristics of the arterial wall were improved in both treatment groups, although the original study had clearly demonstrated that alogliptin treatment more potently inhibited the progression of carotid IMT than conventional treatment in patients with T2DM [29] . In addition, there was a weak but statistical significant association between changes in GSM and those in IMT or plaque thickness, suggesting that the improvement of tissue characteristics of the carotid wall Data are mean (SE) unless otherwise stated. Comparisons of GSMs during treatment with those at baseline were performed with one-sample t test based on a mixed-effects model for repeated measures. Differences in Dchange in GSM from baseline at 52 and 104 weeks between groups were analyzed with a mixed-effects model for repeated measures. Treatment group, week, interactions between treatment group and week, and baseline GSM were included as fixed effects *p\0.05; ** p\0.01
contributed to the regression of the carotid wall thickness. However, the determinants of the tissue characteristics of the carotid wall and those of the carotid IMT are not the same. Although regression of carotid IMT is supposed to be subsequent to pathological changes such as reduction of cholesterol accumulation in the local site, the risk factors for the progression of carotid IMT are reported to include several parameters including average HbA1c levels during the observation period [35] . In our study, although a reduction in serum total cholesterol levels, one of the most important determinants for tissue characteristics of arterial wall, was observed in both treatment groups, reduction in HbA1c was observed only in the alogliptin treatment group [29] . For regression of carotid IMT, therefore, improvement in hyperglycemia as well as a reduction in serum total cholesterol levels may be necessary in patients with DM. Direct anti-atherosclerotic effects of alogliptin on vascular cells is another possible explanation for its beneficial effect on carotid IMT. There is also a possibility that the beneficial effect of alogliptin on the tissue characteristics of the carotid wall was masked by some confounding factors. For example, the improvements in the determinants of plaque echogenicity such as serum lipid profiles and BMI were relatively greater in the conventional treatment group as compared to the alogliptin treatment group in this study, although between-group differences did not reach statistical significance. Furthermore, the administration rate of statins during the treatment period was also relatively higher in the conventional treatment group than in the alogliptin treatment group: the percentage of statin users was 38% in the alogliptin treatment group and 46% in the conventional treatment group (p = 0.18) at baseline, and 39% and 50% (p = 0.06) at 104 weeks. Since statins have a potent antiatherogenic effect and have been reported to decrease IMT and improve the tissue characteristics of plaques in the carotid artery [36] [37] [38] , such an uncontrolled imbalance in the administration of statins might have masked the potential beneficial effect of alogliptin.
There is also a possibility that the beneficial effect of alogliptin on the carotid wall was dependent on its characteristics at baseline. Therefore, we evaluated effect of alogliptin on low-GSM (echolucent) and high-GSM (echorich) plaque separately. Interestingly, change in the right GSM-plaque in the first tertile (lowest GSM group) was significantly greater in the alogliptin group than in the conventional treatment group but there was no significant treatment-group difference in the changes of right GSM-plaque in the second and third tertiles. Although these findings suggested a possible beneficial effect of alogliptin on low-GSM (echolucent) plaque in the right carotid, this was not the case with the left carotid. This discrepancy could be due to lack of statistical power rather than bilateral difference, since the number of the subjects in each subgroup was very small. To evaluate whether the beneficial effect of alogliptin on the carotid wall was dependent on its characteristics at baseline, another study with larger scale is necessary.
Several limitations of our study should be discussed. First, the present study is a post hoc subanalysis using data obtained from the SPEAD-A trial. Second, the ultrasound settings for each image were not always standardized. However, the blood was used as the reference for black and the adventitia as the reference for white, and gain settings for measurements within an individual were similar throughout the study. Therefore, the impact of gain of ultrasound beam on the GSM value would be quite small, if any. Third, although administration of antidiabetic, antihyperlipidemic, and antihypertensive drugs may affect the plaque components, the baseline medical prescriptions were not matched completely. In addition, it was not possible to adjust for the effect of changes in therapeutic regimen during the observation period. These points should be confirmed in further studies. Fourth, relatively low-risk patients were enrolled in the SPEAD-A trial: patients with a history of CVD or insulin therapy were not eligible for inclusion in this study. Indeed, there were relatively few patients who had low GSM lesions in the carotid wall. Although a previous study reported that carotid GSM values in the range of 30-40 are considered to be an adequate cutoff to detect individuals at high risk for CVD [39, 40] , the subjects who had low GSM lesions (GSM-CCA \40) in their carotid walls at baseline represented only 10-20% of all subjects in this study. This may have led to the beneficial effects of alogliptin on the tissue characteristics of the carotid wall being underestimated. Finally, the subjects included in this study were Asian T2DM patients without the severe obesity that is often observed in nonAsian T2DM patients. It would thus be premature to generalize our findings to non-Asian populations.
CONCLUSIONS
A post hoc subanalysis suggests that the tissue characteristics of the carotid arterial wall were improved in both the alogliptin treatment group and the conventional treatment group during the 104-week treatment period and that there was no significant difference between the treatment groups. Prespecified studies with large sample size would be necessary to confirm our findings.
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